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The pharmacokinetics of felodipine was studied after continuous oral administration
of 5 or 10 mg conventional tablets to a population of 140 male and female Caucasian
subjects, of which 67 were hypertensive patients and 73 were healthy volunteers. In
addition, 42 of these individuals received felodipine intravenously.

With increasing age the area under the felodipine plasma concentration vs time curve
(AUC), the maximum plasma concentration (Cp,.x), and the terminal elimination half-
life of felodipine increased, while the plasma clearance of felodipine decreased. The
bioavailability and steady state volume of distribution and the time to Cp,,, Were not
consistently influenced by age.

The ratio of the AUC of the primary pyridine metabolite of felodipine and that of
unchanged drug decreased with increasing age.

Neither Cy,,x, AUC nor the half-life of felodipine were related to body mass index.
The distribution of AUC for felodipine, as well as the ratio of the AUC of the first
metabolite to that of unchanged felodipine, was unimodal. Thus, the presence of a
sizable group of individuals, with a clinically significant different metabolism of 1,4-
dihydropyridine due to genetic factors is unlikely. '

The pharmacokinetics of felodipine did not seem to differ between hypertensive
patients and healthy volunteers, when adjusted for age. Neither was there a difference
between patients taking B-adrenoceptor antagonists and those who did not.

As a group the elderly had higher total concentrations of unchanged felodipine in
plasma compared with younger individuals. The variation in plasma concentrations of
felodipine between individuals is, however, only partially explained by age. In clinical
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practice this emphasizes the need for dose titration of felodipine.

Keywords felodipine population study

Introduction

The measurement of plasma concentrations of drugs in
large numbers of individuals allows the study of differ-
ences in pharmacokinetics with regard to age, genetic,
environmental, physiological or pathophysiological in-
fluences. Such factors are usually difficult to evaluate
from conventional pharmacokinetic studies which usually
include small numbers of patients and are restricted to
homogeneous groups of individuals. By pooling data
from pharmacokinetic studies of similar design, using
identical analytical procedures, it is possible to obtain a
large enough population for these evaluations.
Antihypertensive drugs are given to large sections of
the population in most societies. Apart from potential
genetic and environmental differences, other factors
such as age, organ damage and concomitant drug therapy

pharmacokinetics

age

might influence both their pharmacokinetics and their
antihypertensive effect.

Calcium antagonists are increasingly used in the
management of hypertension, and this group of drugs is
now considered to be one of the first line treatment
alternatives along with diuretics, B-adrenoceptor an-
tagonists and angiotensin converting enzyme inhibitors
(Joint National Committee, 1988; WHO/ISH Guidelines
1989). Felodipine is a 1,4-dihydropyridine calcium an-
tagonist for which a plasma concentration-effect relation-
ship has been established (Blychert et al., 1990; Edgar et
al., 1987). In man felodipine undergoes extensive first-
pass metabolism (Edgar et al., 1985a; Regérdh et al.,
1989), the major metabolic step involving oxidative
degradation by cytochrome P450 IIIA of the 1.4-dihy-
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Figure1 Pathwaysinvolvedin the initial metabolism of felodipine. The rate-limiting step is the oxidation to dihydropyridine. All

metabolites are pharmacologically inactive.

dropyridine to the inactive dehydrofelodipine (Figure 1,
Bairnhielm et al., 1984; Hoffman & Andersson, 1984).
The metabolism of felodipine as well as other di-
hydropyridines has been shown to differ substantially
between individuals (Regardh ez al., 1990). Firstly, there
is an age-related decrease in metabolism (Robertson et
al., 1987), which may be due to a reduction in hepatic
blood flow or a decrease of intrinsic clearance, or both.
Secondly, the possibility of a genetic polymorphism in
the metabolism of 1,4-dihydropyridines has been dis-
cussed (Kleinbloesem et al., 1984; Renwick et al., 1988).
The present population study was undertaken in order
to evaluate to what extent the pharmacokinetics of
felodipine are influenced by demographic variables such
as age, body mass index or concomitant antihypertensive
therapy. In addition, we also investigated whether there
was any evidence for a polymorphism in the pharmaco-
kinetics of felodipine in the population selected.

Methods
Study population

The study was based on pharmacokinetic data obtained
from 140 Caucasian subjects taking part in ten separate
studies in Sweden and the United Kingdom. Each study
included between 10 and 18 subjects and was approved
by the regional ethics committee, as well as the isotope
committee when radio-labelled felodipine was used.
Healthy subjects (n = 73) and hypertensive patients
(n = 67) were included in the study. Most of the study
population was male (n = 126) and only 14, all hyper-
tensive patients, were female, since only women without
child-bearing potential were eligible for participation.
A wide age range, 20-80 years, was represented in the
pooled material. The healthy subjects did not receive
any concomitant medication, while the majority of
hypertensive patients were also on other antihypertensive
regimens. Twelve patients took a diuretic, 11 a B-
adrenoceptor antagonist and 21 a combination of the
two. Individuals suspected of drug or alcohol abuse were
excluded. Table 1 gives a summary of the subject/patient
characteristics for the whole population (n = 140) as well
as for the age groups 20-39, 40-59 and 60-80 years.

Inclusion criteria for accepting healthy subjects into
the studies were: Males between 20 and 40 years of age,
except when specifically studying the the elderly (65-80
years). Subjects with concomitant diseases or allergic
problems were excluded, as were subjects who had
taken any prescription drugs during the 4 weeks preceding
the study.

The criteria for including hypertensive patients in the
studies were as follows: Males and women without child-
bearing potential, 25-70 years of age with a documented
diastolic blood pressure > 95 mm Hg on several occasions.
Patients with severe angina pectoris, or clinically signifi-
cant renal or liver function impairment were excluded,
as were patients who had had a recent myocardial
infarction.

Methodological considerations

The plasma concentration of felodipine is linear with
dose in the range used (Edgar et al., 1987). This justified
the pooling of data from individuals receiving different
doses, after normalising for dose.

Blood sampling, preparation of plasma, analysis of
unchanged felodipine and its primary metabolite followed
identical protocols in all studies. All samples were an-
alysed by the same laboratory (AB Hissle, Molndal,
Sweden).

In figures where individual data are presented, dif-
ferent symbols have been used for the healthy subjects
and the hypertensive patients. No direct comparisons
between the two groups were made owing to the low
number of hypertensive patients below the age of 40
years and the small number of healthy subjects above 40
years of age. Moreover, because of the exclusion criteria,
there were virtually no women among the healthy sub-
jects or in the two younger age groups of hypertensive
patients.

Concomitant antihypertensive therapy, in particular
B-adrenoceptor antagonists, which may reduce liver
blood flow (Weiss et al., 1978) might influence the
metabolism of felodipine. Therefore, patients receiving
B-adrenoceptor antagonists were analysed as a separate
group.

There were very few patients with diagnoses other
than hypertension in our population. Thus, no conclu-
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Table 1 Subject/patient characteristics. Mean + s.d. and median (in brackets) are given where appropriate

Number of
Age Body Number of Number of patients with
range Age weight BMI subjects/ subjects/patients additional
(years) n (years) (kg) (kgm™2) patients with i.v. data treatment
20-80 140 43+ 19 79+13 25+4 73/67 12/30 D=12
39) (76) (24) B=11
D+B=21
20-39 70 26+ 4 76 + 8 23+2 64/6 12/5 D=0
(24) (75) (23) B=0
D+B=1
40-59 30 52+6 88+ 15 28+ 4 0/30 0/12 D=8
(54) (86) 27) B=4
D+B=11
60-80 40 68+ 6 77+£15 27+ 4 9/31 0/13 D=4
67) (73) (26) B=7
D+B=9
D = Diuretics

B = B-adrenoceptor antagonist
D + B = Diuretics + B-adrenoceptor antagonists
BMI = Body mass index

sions can be drawn about the possible influence of other
diseases on felodipine kinetics.

Dosage

A conventional tablet formulation of felodipine was
used. Forty-four of the subjects/patients were given a
5 mg dose twice daily and the remaining individuals
received 10 mg twice daily. The duration of treatment
varied from 6 to 30 days. Thus all measurements were
taken under steady state conditions. On study days the
tablets were given in the morning at the clinical labora-
tory or out-patient unit after an overnight fast. The
tablets were taken with at least 100 ml water.
Intravenous felodipine was given either as a 30 min
infusion of 1.5 mg felodipine on a separate experiment
day (n = 19) or as a 5 min infusion of 0.04 mg [*H]J-
felodipine simultaneously with the oral dose (n = 23).

Blood samples

During the 12 h dosage interval, frequent blood samples
were drawn into heparin tubes from an indwelling cannula
in a forearm vein. In addition, in studies in which the
terminal elevation half-life of felodipine was estimated,
blood samples were also taken at 24 h or more after
dosage. Samples taken more than 12 h apart were

. obtained by separate venepuncture. After sampling, the
blood was cooled to room temperature and centrifuged
at 3000 rev min~! for 10 min. The plasma was stored
frozen at —20° C until analysis.

Analysis of felodipine and its primary metabolite

The plasma concentrations of felodipine and its primary
metabolite (dehydrofelodipine) were measured by gas
chromatography with electron capture detection after
extraction with toluene (Ahnoff, 1984; Ahnoff et al.,

1987). The method is selective and interference from
endogenous plasma substances is low.

The lower assay limit of felodipine, i.e. the concentra-
tion giving a relative standard deviation of less than
15%, ranged from 0.5-2.0 nMm. For the metabolite this
limit was 2 nm. The within-run relative standard deviation
of spiked plasma samples was 4-8% at 2 nm and 2—4% at
40 nM. The between-run reproducibility was approxi-
mately 5% at a concentration of 25 nm.

Statistical analyses

The influence of age was tested using one-way analysis
of variance with age group as a factor. The following age
groups were defined: 20-39 years, 40-59 years, 60-80
years. Mean and standard deviations are given through-
out. In addition median values are given for the pharma-
cokinetic variables.

Calculations and abbreviations

Calculations of pharmacokinetic variables were made as
indicated below. Plasma samples below the assay limit
were treated as missing data in the kinetic and statistical
calculations. Of the approximately 1500 blood samples
taken 1% were missing or had drug concentrations
below the assay limit.

AUC,,. = area under the plasma concentration vs
time curve after oral administration. The
AUC for the dosage interval was calcu-
lated as AUC (0,12 h), using the linear
trapezoidal method.

AUG;,. = AUC after intravenous single dose
administration = AUC(0,12) +
AUC(12,), AUC(0,12) was calculated

using the linear trapezoidal rule.



18 E. Blychert et al.

C 12 J5)
AUC(12,») = Ll—)z—ﬁ where C(12) is the plasma
n concentration measured 12 h
after dose
b.i.d. = twice daily
Cinax = maximum plasma concentration
Chin = trough plasma concentration, 12 h after
dosage
CL = plasma clearance, calculated from dose/
AUCi.v.
D = dose
iv. = intravenous administration
p.o. = oral administration
. . e Di v. X AUC
F = systemic availability = ————— P>
Dp.o. X AUC]V
tmax = time of maximum plasma concentration
by, = terminal elimination half-life after the
oral dose estimated from the slope of the
log plasma felodipine concentration vs
time curve. Data points from 8 h after
dosage were used.
Vs = steady state volume of distribution
= D;, X AUMC
(AUC)?
where AUMC is the area under the
concentration-time vs time curve.
Results

Plasma concentrations Vs time

The mean plasma felodipine concentration vs time curves
during a dosage interval in the three age groups, after
normalization to a 10 mg dose, are shown in Figure 2.
Mean drug concentrations increased with age. The con-
centration of felodipine 2 h after dosing was 13.0 £ 7.3
nMm in the young group, 16.0 + 8.5 nm for the individuals
aged 40-59 years and 21.1 + 9.3 nm in subjects > 60

251~

Plasma felodipine (nm)

Time after dose (h)

Figure 2 Mean plasma concentrations of felodipine (CpF) vs
time during a dosage interval (10 mg twice daily) in the age
groups 20-39 (-++++, n = 70), 40-59 (---,n = 30) and 60-80 years
(——, n = 40).

Plasma dehydrofelodipine (nm)

Time after dose (h)

Figure 3 Mean plasma concentrations of dehydrofelodipine
(CpM), first metabolite of felodipine, vs time during dosage
interval (10 mg twice daily) in the age groups 20-39 (-----,n =
51), 40-59 (---, n = 28), and 60-80 years (—, n = 39).

years. Trough concentrations 12 h after dose were 2.7
1.6, 5.0 + 3.2 and 7.0 = 4.2 nm for the three groups,
respectively. The peak to trough variation during a
dosage interval was similar in each age group.

The plasma concentration-time curves of dehydro-
felodipine are shown in Figure 3. The mean concentra-
tions of dehydrofelodipine 2 h after dose were 19.7 *
8.2,25.8 + 14.4 and 21.7 + 9.4 nm in order of increasing
age. The concentration 12 h after dose, i.e. at trough,
was lowest in the youngest and highest in the oldest
group (4.2 +1.3,7.4 £5.7and 9.9 + 4.6 nm, respectively).

Absorption

Table 2a summarizes pharmacokinetic variables for the
whole population and for the different age groups. Table
2b gives P values for the comparisons between age
groups for these variables.

The peak plasma concentration of felodipine increased
with age (Figure 4). The mean peak concentration, Cmax,
was 30 + 13 nm for the elderly while the young group had
a mean peak concentration of 19 + 9 nm. As shown in
Figure 4, however, several young individuals had as high
or higher plasma concentrations of felodipine as some of
the elderly subjects. The distribution of Cpax (Figure 4b)
was skewed, but did not show any bimodality.

Although there was a slightly shorter time to peak
concentration (fmax) in the group aged 40-59 years, there
was no consistent change in .« with age.

The systemic availability of felodipine (F), evaluated
in the 42 subjects/patients who received i.v. felodipine in
addition to oral treatment ranged from 4.4 to 36.2%
(mean 14.5 £ 7.5%). The availability did not differ
between the age groups (Table 2).

Distribution

The steady state volume of distribution (V), deter-
mined after the i.v. dose did not vary with age (Figure 5,
Table 2).

Elimination

Half-life Figure 6 shows the distribution of the terminal
elimination half-life in relation to age indicating an inter-
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Table 2a) Felodipine steady state pharmacokinetic variables for the whole population and for different age groups. Minimum (Cpin),
maximum (Cpy,y) and time to maximum (#,,,) plasma drug concentration and the area under the plasma drug concentration vs time curve
(AUC), the steady state volume of distribution (V), the terminal half-life (¢,,), bioavailability (F), plasma clearance (CL) and the

ratio dehydrofelodipine/felodipine (ratio D/F) are given. Data are normalized to a dose of 10 mg twice daily. Mean, s.d. and median (in

brackets) are given.

tmax Conax Conin Vs AUC ty, Ratio F Clearance
(h) (nm) (nm) (lkg™) (nm h) (h) D/F (%) (ml min™1)
n=140 n=140 n=140 n=42 n=140 n=118 n==65 n=42 n=42
All 1.4 23.1 5.0 9.2 100.9 23.1 1.42 14.5 655
+0.7 +11.4 +3.6 +3.2 +53.2 +10.4 +0.38 +7.5 +285
(1.5) (21.0) 4.2) 9.0) (88.5) (21.9) (1.47) (13.1) (620)
Age groups
n=170 n=170 n=170 n=17 n=170 n=>51 n=27 n=17 n=17
20-39 years 1.5 19.1 3.2 9.9 74.6 18.4 1.55 13.6 821
+0.8 +9.0 +1.7 +3.4 +34.2 +10.1 +0.26 +9.0 +325
(1.5) (17.0) (2.8) 9.4) (66.5) (15.6) (1.54) (12.6) (860)
n=230 n=230 n=30 n=12 n=30 n=28 n=18 n=12 n=12
40-59 years 1.2 23.3 6.1 9.3 110.2 23.8 1.49 13.9 644
+0.6 +10.1 +3.4 +3.9 +55.3 +8.5 +0.39 +6.2 +145
(1.0) (23.0) (5.3) (7.1) (103.5) (24.5) (1.50) (14.3) (652)
n=40 n=40 n=40 n=13 n=40 n=39 n=20 n=13 n=13
60-80 years 1.5 30.0 7.3 8.6 140.1 28.7 1.20 16.3 448
+0.6 +12.9 +4.5 +2.7 +53.7 +9.3 +0.44 +6.5 +176
(1.5) (25.6) (5.8) (7.4) (132.2) (27.0) (1.09) (13.5) (448)
Table 2b) P values for the analyses of variance comparing the pharmacokinetic variables in the three age groups
Comparison trnax Conax Coin Vs AUC ty, Ratio F Clearance
20-39 vs 40-59 years < 0.05 0.07 < 0.001 >0.2 < 0.001 < 0.05 >0.2 >0.2 0.06
40-59 vs 60-80 years 0.06 < 0.05 0.13 >0.2 <0.01 <0.05 < 0.05 >0.2 0.05
20-39 vs 60-80 years >0.2 <0.01 < 0.001 >0.2 < 0.001 < 0.001 < 0.01 >0.2 < 0.001
b
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Figure4 a) Relationship between age and maximum plasma concentrations of felodipine (Cpay). Data from healthy subjects are
given as open squares and data from hypertensive patients as filled triangles. b) Frequency distribution of Cy,, values for the
entire population (hatched), and in the sub group aged 60-80 years (white, overlaid).

individual variability and overlap between age groups.
The range of half-life was from 6 h up to 35 h in the
youngest group and from 12 to 66 h in the eldest group.
There was an increase in #, with age (Table 2) and the
frequency distribution was slightly skewed.

Clearance Plasma clearance was calculated in the 42
individuals who received i.v. felod1p1ne (see Figure 7).

Values ranged from 106 to 1400 ml min~ with an inverse
relation to age. The youngest group had a mean plasma

clearance of 821 + 325 ml min~! and the eldest group 448
+ 176 ml min~! (Table 2) This corresponds to blood
clearances of 1.2 1 min~ and 0.7 I min~!, respectively,

assuming a fixed plasma/blood drug concentration value
of 0.69 (Edgar et al., 1985b).

AUC The mean AUC of felodipine increased with
age, but there was a considerable overlap between the
age groups (Figure 8). The AUC of felodipine in the
youngest group was 75 = 34 nm h. In the middle age
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Figure 5 a) Relationship between age and the steady state volume of distribution (V). Data from healthy subjects are given as
open squares and data from hypertensive patients as filled triangles. b) Frequency distribution of V values for the entire
population (hatched) and in the sub group aged 60-80 years (white, overlaid).
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Figure 6 a) Relationship between age and the terminal elimination half-life (#,,). Data from healthy subjects are given as open
squares and data from hypertensive patients as filled triangles. b) Frequency distribution of #,, values for the entire population

(hatched) and in the sub group aged 60-80 years (white, overlaid).
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Figure7 a) Relationship between age and the plasma clearance. Data from healthy subjects are given as open squares and data
from hypertensive patients as filled triangles. b) Frequency distribution of CL values for the entire population (hatched) and in the
sub group aged 60-80 years (white, overlaid).
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Figure 8 a) Relationship between age and the area under the plasma felodipine concentration vs time curve (AUC). Data from
healthy subjects are given as open squares and data from hypertensive patients as filled triangles. b) Frequency distribution of
AUC values for the entire population (hatched) and in the sub group aged 60-80 years (white, overlaid).
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Figure9 a) Relationship between age and the ratio of the AUC of the first metabolite of felodipine (dehydrofelodipine) to that
of unchanged drug (ratio D/F). Data from healthy subjects are given as open squares and data from hypertensive patients as filled
triangles. b) Frequency distribution of ratio D/F values for the entire population (hatched) and in the sub group aged 60-80 years

(white, overlaid).

Table3 Dehydrofelodipine trough (Cpin), peak (Cpnax) and time
to peak plasma concentrations and area under the plasma
concentration vs time curve. Data are given for the whole
population, and for different age groups. Data are normalized to a
10 mg twice daily dose of felodipine. Mean, s.d. and medians (in
brackets) are given

tmax Cmax Cmin AUC
(h) (nm) (nm) (nm h)
All 1.5+08 356+189 6.8+46 "~ 142+62
(1.5) (29.6) (5.5) (130)
Age groups
20-39years 1.8+0.8 27.6+10.7 42+13 109 +25
n=27 (2.0) (26.0) (4:0) (112)
40-59years 1.1+0.5 46.1+23.0 7.4+57 169 96
n=17 (1.0) (37.0) (6.8) (159)
60-80years 1.5+08 374+198 99+4.6 163 %37
n=20 (1.0) (34.7) 9.1) (164)

group there was an increase in the AUCto 110 £ 55nmh
and a further increase to 140 *+ 54 nm h was seen in the
oldest age group (Table 2). The frequency distribution
of the AUC indicated a skewed distribution, with no
evidence of bimodality.

The AUC values of felodipine in the young subjects
ranged from 38 to 233 nm h. A similar six-fold variation
between highest and lowest values was seen in the elderly
although at a somewhat higher level, 49 to 290 nm h.

Metabolism Some pharmacokinetic variables for the
first metabolite of felodipine (dehydrofelodipine) are
given in Table 3. The ratio between the AUC values of
dehydrofelodipine and felodipine could be calculated in
65 individuals (Figure 9). A negative relation to age was
found. The mean value was lower in the oldest group
(1.2 + 0.4) compared with the young group (1.6  0.3).
The terminal half-life of felodipine was not related to
this metabolite ratio. The individuals with the highest
AUC of felodipine had low values of the ratio between
dehydrofelodipine and felodipine.
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Table4 Age, body mass index (BMI), maximum felodipine plasma concentration (Cpax), time to Crax (fmax), area under the plasma
concentration vs time curve (AUC) and terminal half-life of felodipine (t,,). Values are normalized to a 10 mg dose. Mean =+ s.d. are given

a) Data for females and males aged 60-80 years.

Age BMI Crnax tnax AUC ty,
(vears) (kgm™?) (nm) (h) (nm h) (h)
Males (n = 27) 676 27+ 4 28+12 1.6+0.9 136 + 57 31+10
Females (n= 13) 71+6 27+3 33+14 1.3+0.6 149 + 46 24+6
b) Data for patients with and without concomitant B-adrenoceptor antagonist treatment.
Age BMI Conax tmax AUC ty,
(vears) (kgm™?) (nm) (h) (nm h) (h)
No B-adrenoceptor antagonist 58+15 27+4 25+13 1.3+0.7 122 + 64 25+8
(n = 35)
With B-adrenoceptor antagonist 56+9 28+ 4 25+10 1.3+0.7 123 £52 26 +10
(n=32)
c) Data for the highest and lowest quartiles of body mass index in each age group.
Age BMI Cmax tax AUC tl/z
(vears) (kgm™?) (nm) (h) (nm h) (h)
20-39 years (n = 70)
Low BMI (n = 18) 23+ 2 19+8 1.5+0.7 67 + 20 15+ 6
High BMI (n = 18) 28 + 26 + 20+10 1.5+0.6 79 + 38 25+ 15°
40-59 years (n = 30)
Low BMI (n = 8) 527 24 22+10 0.8+0.2 90 + 48 26 + 11°
High BMI (n = 8) 51+ 34 + 23+11 1.1+04 99 +35 27£24
60-80 years (n= 40)
Low BMI (n = 10) 70+5 2+1 32+14 1.4+0.5 122 + 54 27+ 8°
High BMI (n = 10) 676 32+2 237 1.6 +0.6 140 + 38 30+ 8

abcdef: p equals 9, 14, 8, 7, 10 and 10 respectively.

Pharmacokinetic variables in relation to other factors

The whole study population and representative sections
were also analysed for possible relationships between
pharmacokinetic variables and sex, body mass index
as well as concomitant antihypertensive treatment
(Table 4).

Female patients had somewhat lower terminal half-
lives of felodipine than an age-matched group of men,
whereas Cpax, tmax and AUC were similar for men and
women (Table 4a).

There were no differences in the AUC, Chax, tmax OF
1, of felodipine between patients who were receiving B-
adrenoceptor antagonists compared with those who
received felodipine alone (Table 4b).

There were no consistent differences in the pharma-
cokinetic variables when comparing individuals with low
and high body mass indices in each age group (Table 4c).

Discussion

Most of the pharmacokinetic data from this large popu-
lation support previous findings from smaller studies
(Edgar et al., 1987). The latter showed that felodipine is
absorbed rapidly from the gastrointestinal tract when
given as conventional tablets, giving peak plasma drug

concentrations after 1-2 h. The fraction of the dose
reaching the systemic circulation is approximately 15%
and the elimination of felodipine can be described by a
polyexponential function with a terminal elimination
half-life of about 24 h. A steady state volume of distri-
bution of ~9 1 kg™! indicate extensive extra vascular
distribution of felodiPine and a blood clearance of ap-
proximately 11 min™" suggests that it is a high clearance
drug.

The influence of other factors, such as age, sex, body
mass index, other drug therapy etc. have not been
evaluated extensively. In the present study the metabolite/
felodipine ratio and the clearance of felodipine were
inversely related to age. The steady state volume of
distribution and systemic availability were not influenced
by age. The mean plasma concentrations of felodipine
increased with age both at trough and peak and when
measured as the area under the plasma drug concentra-
tion vs time curve. Although age influenced many of the
pharmacokinetic variables the interindividual variability
in the pharmacokinetic variables was large at any age.
Therefore, age alone is a poor predictor of the pharma-
cokinetics of felodipine.

The study population included both normotensive
individuals and patients with essential hypertension.
There are well known differences between normotensives
and hypertensives in the pharmacodynamic (i.e. BP and



HR) response to felodipine. In the present study the
normotensive subjects dominated the youngest age group
and the hypertensives the eldest group. The figures
relating pharmacokinetic variables with age (Figures 4
9) show individual data, differentiating between healthy
subjects and hypertensive patients. There is no sugges-
tion from these figures that hypertensive patients should
have different pharmacokinetics compared with healthy
individuals indicating that the pharmacokinetic changes
seen are not an effect of hypertension.

Our study population included healthy Caucasian
subjects and hypertensive patients of both sexes aged
20-80 years. The study population, however, was pre-
dominantly male and no woman below the age of 50
years was included since all studies excluded women of
child-bearing potential. In the relatively small female
population studied, the terminal half-life of felodipine
was found to be shorter than for men whereas none of
the other studied variables differed between the sexes.
A possible explanation of the shorter half-life is that
women > 60 years all belong to studies where plasma
samples only were collected up to 27 h after dose. 40% of
the men in this age group had plasma samples taken for
at least 48 h. This would tend to give higher values for
the half-lives in the male population since there are more
data points during the slowest elimination phase in this
group.

The pharmacokinetics of 1,4-dihydropyridine calcium
antagonists such as nifedipine and felodipine are age-
related due to a reduction in clearance in the elderly
(Landahl et al., 1988; Robertson et al., 1987). The
inverse relationship between age and plasma clearance
for felodipine was clearly demonstrated in our study (cf.
Figure 7). The decrease in clearance and in the ratio of
dehydrofelodipine/felodipine with increasing age could
be caused by either a decrease in liver blood flow or a
decreased metabolic capacity or a combination of the
two. Hepatic blood flow has previously been shown to
be age-dependently reduced in man (Wood et al., 1979).
Felodipine has a high plasma protein binding (> 99.5%,
Regérdh et al., 1989), but also a high extraction ratio (>
0.8, Edgar et al., 1985a). Thus, possible changes in
plasma protein binding should only have a limited in-
fluence on clearance. They could, however, have a
significant effect on oral clearance.

Our population was larger and covered a wider range
of ages and other background factors compared with
previous studies on a possible polymorphism in the
disposition of dihydropyridines (Kleinbloesem et al.,
1984; Renwick et al., 1988; Schellens et al., 1988). Our
data are in accordance with the studies of Renwick ez al.
(1988) and Schellens et al. (1988), but at variance with
the data presented by Kleinbloesem ez al. (1984), all
investigating the kinetics of nifedipine. Kleinbloesem et
al. (1984) suggested that the bimodality of the plasma

Population kinetics of felodipine 23

concentration of nifedipine, the urine concentration of
metabolite as well as the effect on BP and HR were
caused by genetic differences in the metabolic capacity.
In our opinion the findings by Kleinbloesem ez al. (1984)
may have other explanations, such as too small a sample
size. Nifedipine as well as felodipine is mainly oxidized
by the cytochrome P450y;4 system (Guengerich ez al.,
1986). If the hypothesis of Kleinbloesem et al. (1984)
were true it would be of considerable clinical interest
since P450114 oxidises not only a wide range of di-
hydropyridine calcium antagonists but also catalyses for
example the 2- and 4-hydroxylation of 17 B-oestradiol
and the 6 B-hydroxylation of testosterone (Guengerich
etal., 1986).

In order to disclose the possibility of phenotypic drug
oxidation by the P450;;;4 enzyme, we used the AUC of
felodipine as well as the distribution of the ratio meta-
bolite/drug AUC-values. Jackson ez al. (1986) suggested
that the use of metabolite/drug ratio, estimated from the
AUC of the urine concentration, is one of the most valid
methods to study oxidation in phenotypes. Since no
unchanged felodipine has been found in urine we studied
felodipine and its first metabolite (inactive) in plasma.
Both the evaluation of the AUC of felodipine and the
metabolite/drug ratio failed to separate any clear group
of individuals. However, we cannot fully exclude the
existence of poor metabolizers in a small proportion of
the population.

In conclusion, the present study provides evidence for
an age-related disposition of felodipine. This age-related
change is most likely due to a reduction of hepatic
clearance with increasing age. In our study population,
covering a wide range of Caucasian individuals, there
was no indication of polymorphism in felodipine phar-
macokinetics. The relevance of the age-dependent
pharmacokinetics of felodipine for the treatment of
patients with hypertension and/or other cardiovascular
diseases is, however, limited due to the fact that there is
a large variation in kinetics between subjects of similar
age. This further emphasizes the importance of indivi-
dual dose titration of felodipine.
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